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It was shown that virus isolated from a congenitally infected infant was unlikely to have originated from the 13 congenitally infected children with whom the mother, a nurse, had been in contact. Of nine mother and infant pairs, from whom cytomegalovirus was isolated, seven yielded strains that were indistinguishable for mother and child; one pair showed minor differences and one was clearly distinguishable. Virus isolates from seven children attending a day nursery were typed, and only siblings were excreting similar strains of cytomegalovirus. Further examples of the application of this technique to studies of cytomegalovirus in a family environment are given.
It is concluded that characterisation of virus strains by restriction analysis of DNA is a valuable epidemiological tool.
Cytomegalovirus infection during pregnancy and in the immunosuppressed patient can have serious consequences.' 2 Considerable concern has been expressed that infection may spread to nursery school teachers, nurses, and medical personnel who may be in close contact with infected subjects.34 In the course of our studies on the consequences of congenital cytomegalovirus infection,5 and the prevalence of acquired infection in infants as well as in children attending day nurseries, it became clear that there was a need for a readily applicable technique for typing strains of cytomegalovirus to identify patterns of transmission of infection. The source of cytomegalovirus infection cannot be determined unequivocally by serology or by isolation of the virus from epidemiologically related cases. Restriction enzyme analysis of DNA for identifying different strains of cytomegalovirus was first developed by Huang et al.6 More recently, Garrett and Warren described a modification of this technique that is simpler and requires smaller quantities of virus.7 The application of this modified method, which is applicable for routine use in large epidemiological surveys, is shown in this paper.
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The subjects reported were derived from several different sources: a congenitally infected infant born to a nurse who had been in contact with 13 children with cytomegalovirus infection during her pregnancy; a family study; seven children excreting cytomegalovirus in a day nursery; and nine mother and infant pairs from whom the virus was isolated. Isolates of cytomegalovirus grown from throat swabs, urine, or breast milk were stored in liquid nitrogen. They were subsequently regrown in culture bottles containing 25 cm2 sheets of human embryo lung fibroblasts and incubated at 36-370C. Fig. 1 shows details of the index child and family. Serum collected from the mother during the antenatal period showed no cytomegalovirus complement fixing antibodies, but seroconversion had occurred by the time the infant was 8 months old. Cytomegalovirus specific IgM was detected at this time and persisted for two months. As IgM is present for up to four months after primary cytomegalovirus this suggests a recent infection.8 Repeated attempts to grow virus from urine and throat swabs were unsuccessful. The father was initially seronegative but seroconverted after 16 months' exposure to the index child. Cytomegalovirus specific IgM was not present in this blood sample, suggesting that infection had been acquired 8-12 months after initial exposure. No virus could be isolated from the urine despite repeated attempts. Urine samples were obtained from the four older children, and three became infected with cytomegalovirus, two after 14 months' and one after 18 months' exposure.
In this family study, genetic maps of the isolates from the four children after digestion with EcoRl, Bgl II, and Hind III were examined (Fig. 2) each case. Two other children attending this school from both the infants and their mothers the isolates were excreting virus that could not be differentiated were typed. Fig. 4 shows the similarity of oliby endonuclease analysis; it was noteworthy that they gonucleotide patterns of cytomegalovirus isolates were siblings. grown from a mother's urine (lane 1) and from the urine of her 3 month old infant (lane 2) after digestion NINE MOTHER AND INFANT PAIRS with Hind III and EcoRl, using Ad 169 as a control In all nine cases in which cytomegalovirus was grown for the digest conditions. This infant acquired cyto- megalovirus while in a special care baby unit and the close similarities between the restriction maps of the strains suggest transmission of infection from mother to child, probably during birth. The infant had not been breast fed but had received cytomegalovirus seropositive blood and had been in the unit at the same time as another infant who was excreting cytomegalovirus with a dissimilar DNA pattern.
Virus isolates grown from the urine of eight other infants, of whom four had congenital infection and four acquired cytomegalovirus infection in early life, were also typed together with isolates from their mothers' breast milk or urine, or both. The oligonucleotide patterns from cytomegalovirus strains grown from six of these mother and infant pairs could not be distinguished using a minimum of three enzyme digests, thus showing that transmission is likely to have occurred from mother to infant. One pair, in whom virus was isolated from an infant's urine and mother's breast milk, showed minor differences in the patterns of Bgl II digest. Lanes 3 and 4 of Fig. 2 Restriction enzyme analysis of cytomegalovirus DNA and transmission of infection digestion with Hind III and the differences that emerged after digestion with Bgl II. The presence of the two additional bands in the high molecular weight region (a) and concomitant deletion of a fragment of about 2 5 x 106 molecular weight (b) was shown in three separate digestions of strains 3 and 4. Dissimilarity of the virus strains was seen for only one mother and infant pair; virus was first isolated from the infant at 8 months and from the mother's milk for the first time at 18 months, suggesting an alternative source of infection.
Discussion
Cytomegalovirus infection is usually an asymptomatic or mild infection but it can result in serious consequences when acquired by immunosuppressed patients or pregnant women.' 2 As infants with both acquired and congenital infection continue to shed virus in their urine for many years, concern has been expressed about the risk of young female staff acquiring the infection from children they care for, particularly from children with congenital cytomegalovirus who are known excretors.34 Similarly, when a seronegative infant is infected with cytomegalovirus after blood transfusion the mother is thought to be at risk of acquiring cytomegalovirus from the child at the time of her next pregnancy.9 Information on the mode of transmission of cytomegalovirus is largely anecdotal or based on circumstantial evidence including the age of acquisition of cytomegalovirus antibodies, the prevalence of cytomegalovirus antibodies in a population, and the knowledge that virus can be isolated from the nasopharynx, genital tract, and semen.
Several workers have shown the value of restriction endonuclease analysis of cytomegalovirus DNA for determining likely transmission of infection.'01'
There are innumerable genetic variants of cytomegalovirus and restriction enzyme cleavage of cytomegalovirus DNA obtained from random clinical isolates indicates that no two viruses give identical DNA fragments when multiple digests are compared.'°I n contrast, epidemiologically related cytomegalovirus strains such as those from mother and infant pairs have identical restriction mapping patterns. Our results confirm the high degree of genetic variability among cytomegalovirus strains. Although, routinely, three or four enzymes are used to characterise each isolate, isolates from epidemiologically unrelated cases usually differ sufficiently for differentiation to be established by examination of the digestion products of one endonuclease. Given the large size of the genome, identity of DNA structures is more difficult to establish unequivocally as only about 0 I1% of the viral genome is specifically selected by each endonuclease.
More information is required about the effects of transmission of cytomegalovirus to a new host and of periods of latency and reactivation on the stability of viral DNA. The finding that DNA restriction enzyme typing of cytomegalovirus isolates from sex partners showed common strains suggests that the genome does not undergo major mutation after transmission to a new host,'2 but this needs further study as minor differences have been observed in mother and infant pairs. Mutation, selection of variants, or recombination with reactivated virus could theoretically occur, but this was not shown to be the case when mixed infections were studied in vitro (Garrett AJ, Warren DE, unpublished observations, 1984) . Under the conditions described in this paper no genetic variants were detected after clinical isolates were passaged up to 40 times and Ad 169 passaged 100 times in vitro. Huang et al cloned and subcultivated strains Ad 169 and Towne for over 100 passages and discovered only minor modifications in restriction enzyme sites and overall homology with the parental virus retained.'3
In this study cytomegalovirus isolates recovered from seven of nine mother and infant pairs were identical. In one pair minor differences similar to those reported by Huang were observed. These differences were quite distinct from the major differences seen between epidemiologically unrelated strains of cytomegalovirus. Although repeat digests were performed, the possibility of incomplete digestion could not be excluded. Major differences in DNA patterns were found in only one mother and infant pair, but in this case virus was first isolated from breast milk 10 months after the infant had become infected. 
